040 0000

oboooooboobbbbooo bbb oo o

ggobooboboooobouoboboooboooboboobobobboooaob
Uo00ooodododad-hoc-0000

goobooboooobobobbbobbo0obbbo0oooubibl dynamic bind-
mgO OO0 ooooooboobooboboboobooboboooobbobuo
goooobboooooooboobooobobbobbbooon

gooooooobobbbbobobobbooobbobon, overloading
oobooboooooooboooobboooooooboooboooo cog +o
000000 intdd 000000 doublel OODOOO0OODOODOOOODOODOO
gbooooooooooooooobobobooogoooobooobboooon
ubbobbooooooobooboboooboooobooboobooboooogo
gobooobobbbooobbboboboooooooooooooon
uboooouobooboboboooboobo

gbooobobooobobobooobooobooboobobooooooboooon
gooooooobbooooboboooobooo

Haskel 00 OO0 0OODODOOO0O00'0000000DOO00O0OO0OOODOOOO
gbooboobooboboobobobooooboooboboooooobooooon:

twice X = X + X;

gooooboboxObooooooooooooooooo+«boobooooobooog
U0O00OHaskelOOOOOODODOOODODODODODO oo
ubobooboobbogd

41 ODODOOOODOODOODOO

goobooO0o0oofbo0oooooobo0obooobboOooboboOobboUuoooo
oooooogo

000000 oooobO0obO0ob0O000o0ob0bOo00n00DOo inheritance
U0 0000 encapsulationDd 30000000000

Q411 00D 0ODOOODODbUObOODbDODDODOO

'000000000000000000000000O000000000000 0000 para-
metricO00 000000
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goog . -gbobobobbooboobbooooobobooooooo
RN . -googoooboooobbbobobobobbobbooboon
gooog - -gbhooogooobbbobobobbooboboboab

gboboobooboooboooooobobobooobbooobooooooDboon
goboboooobobobobooboboobouoooooooboboobooboobooooo
gbooooooboooobooooooboobbooooooobobooobo
gboboooooboooboboboboboboooooooobbbooobo
gboooobobooooboobouoboboooooooboboooooooon
gogogoboboobobbobbod

42 00000 O0OO0bOO0OOoOoOoobOn

HaskellO MLOOOOOOOOOOOOOOOOO0O (constructor) 00 O O
(algebraicdatatype) D O DO 0D O00O0O0O0OOOOOO0O
000000 oO0o0ooo0oddodoodoo0ooooooooooooonog
00000 0o0obO0o0obOobOOooOoooobooboboooooOoooboOooOoooag
0000oO00o0oodoDooooooboooboooDoooooooOooon
00d000O0DoooooooOoODoDoOODObOO000oooDo
0ddd0bOO0ooObOoObO0OO00oOoobOoooooobobOoooboOobOoOoan
00000ddd0oooooobOobOoooooooOoDooOOoobooOoooooo
000000 0obOoOoooo0o0b00d000Do0o0oooooooooDm boon
00O00o0o00ooOooOOobo000bObO0o0o0ooooobooooDobOOooDOon
000000000 oo0o0 oo obbooooOoooooOogon
0dd0d0o0dbO0dooDOoOooOoooodoDoO0oOoooDooOooogoo o
000000 DO00DO0o0mOobbOOJava00O000OOO0DOODOODOO String O
0ddoodooooooOoDoOoDoDOooOOo0obOoobooood
O000000ooboobooooobOoobOoooOooobOOoooboooooag
0000d0OO0O0ooOoooOoOobOOoDoOoobDoobDoOobOoooOooobooobooO
00d0DOO00doOo0bObOOo0oOoooDbOOoooOooooOoooooooaoa

4.3 Haskellll 00O 00O

U000 HaskelDODOODOODODODOOOOODOOOOEQDOODOOOOODOO
gbogg

HaskellUD COOD0O0O0O00=M 000000000 Integedd DO OOMO
Uboubld] DODOOODOOODDOODOOOOODOOODODOOODODOODODOD
oopoon0 (\x > x+x) == (\ x > 2*x)0J000000O0Haskell D O0ODO
googoooboooooo b

False
x==y || member x ys

member x []
member x (y:ys)
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N =

W

subset xs ys = all (\ x -> member x ys) xs

00000 member O subset 0 00000 Omember 5 [1, 4, 710000
[Integer] DO O OO0 UOOOOOOO Omember "Kagawa" ["Tokushima",
"Ehime", "Kochi"]O O OO [String]J DD 00000 ODOOOOOOOODO
000000 Omember (\ x -> x+x) [\ x -> x+1, \ x > 2*x] 00000
oooooooooobooooooooao

member [] subset OO0 O0O0OO a -> [a] -> BoolO [a] -> [a] -> Bool
000000000 Omemberd subset0 0 00000000 0O0OO0OOONO
O00o0oooooooOd?Scheme0 0000000 OO0OOOOOOOOOON
0000000000000 ooooboooooooobooooooooooo
0000000000000 00000 OHaskelDOOOOOOOODOOOODOO
000oO0ooOoO0obooooooboooooooooooooooooooan
ooo

Haskel OO OO0 OO0O0O0OOO0OO0OOOOOOOOO0OOOO -O0000O0O0O
0dddooooooooooooooododomooooooooooo
O Omember (] subset0 000 O0O0O0OOO0OOONO

member ::

subset ::

U000 “Ega=>"0000000 aO0OO0OOO0OOD0O EQUOOOODO
og o O 0Dbooboboooobobuobpbooobobobo
O0O0OOtype constraintl0 O OOEq DO O OO0OOOO==00000O
oooooooogoobooooouoooooboogoooboooooboobog
ooogooog

gbbobooboboobobbobooboboboobooobobooboboo
ggoboooboooboboooobobobobooooobobbooooboooboon
Uobobobooo0ob0bbobo0ob0bbO0 OHaskel OO OD OO
O00MJavad 00000000 O0O0D0OO0OO2MO

44 OD000O0OO0OOOODOOOOO

O0000000D0 classO 0000000 DOOOODOCOCOOEQOOOO
U000 HaskelOODOODOOOOOM Prelude0 OO0 OO

class Eq a where
(=), (/=) :: a -> a -> Bool -- 100000000
a /=b =not (a == b) --0o0oooooo

V0000000000000 JavaODOOODODOODOO HaskelDODODODOODOOOODOOO
gobooooooo
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AN AW

N W -

O000MDOa00000EgOD0O0O0DOOO0DO0Oa ->a ->BoolOOODOOMO
020000 (==),(/sH0000000000DbO0D0DODOO0O000Oa

000000000000 Directiondd EqUOO OO OO OO DirectionO
EqO 0000000000 000D00 Oinstanced 0000
oooogoooo

instance Eq Direction where
North == North = True

South == South = True
West == West = True
East == East = True

== = False

(/s00000000000000bL00000000obobObO0oOooooon
gboooboobooooobooobobooboon
U00Tree0000D00O0ODO derivingUUO 0000 MOOO0OO0O0O0ODOODO

instance Eq a => Eq (Tree a) where
Empty == Empty = True
Branch 11 nl1 r1 == Branch 12 n2 r2
=11 == 12 & nl == n2 && rl1 == r2
== = False

“Eq a =>70000 Tree a0 00O0DOO0D0OO0O00ODOOO0DOODOODOO alO
obboobooboobobooobbobbdoodibTreed0guonooog
gooooboooooooobooooooobooobog

uboooobobboobbbbO0 eg0o0gboooobooonoog
gooobb 2000000000000 oboboooboooooboooooo
U00EqDOO0000000non

Q441 UDO0OO BoolOUOODOOOUODO:

data MyBool = MyTrue | MyFalse

UEU0000000D0000000DbO0mM BoolDOODOO EqLOOODOO
gbbogouoobobobbooooobobbobooobooobbobobbd
uoobood

Q442 U3000000O0OOODORPSOHODO EqUO OO OOOOODDODO
gobogoo
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O 001NN~ W~

Q443 size :: a ->IntU0000000ODOODOODO SizableODOOOO
oog

45 0J00O0O0oOoOod

EqU 00000000000 0D0D00D0 O0rd, Show, NumOOODOOMmM ODODO
gboobobooobobooboboooobobobbbooboon

class Eq a => Ord a where --0rd 0 order 00O OO00OO
<), (=), =), ) :: a -> a -> Bool
max, min it a->a->a

class Show a where
show :: a -> String

class (Eq a, Show a) => Num a where
), ), M ta->a->a

fromInteger :: Integer -> a

class Num a => Fractional a where
@2 ira->a->a

ord00000OShow ODODOOODODOONumO Fractional OO ODOODOOOO
gbooooobooobooobobogo

ubbdobd =0ubogoboouoouobbooobbobobbbon

U000OEqU ord0 0000000000000 D0DOO00 ord0O00OO
gobooooboboog eg0oooboooooooobooooboobo
gogoooboodabon

oboooobobobooooobOoo0onln 3.1400 00000000 OHaskell
goooooo

V-5



N =

1 :r (Num t) => t

3.14 :: (Fractional t) => t
00o0oooooooooooo0oo 10000000000 oInt00ogn
DoubleOOOOOOODOOO

Show,Eq Ord 00 000 000O0O0O00DOODOOODODOOOOOODOOOO
00000000000 ooboooooooooooooononog deriving
[drdvy| D0 0000000000000 OHaskelOOOOOOOOOOOO
do0oo0oobO00ooOoOO000000oooobObOo0oboDboObOOobOOoOoooOooDO

data Tree a = Empty | Branch (Tree a) a (Tree a)
deriving (Eq, Ord, Show)

U0D00Tree0 00 0O0O00O0ODOO ==>show0 D0 0O0O0O0OOOOODOOO

Q451 D000 DOOO0O0OODOOOOOOO
data MyList a = MyNil | MyCons a (MyList a)

O0derivingOOO0O0O0OEQUOODOOO Ord00000O00OO0ODOOODOOOO

dbdord00000O0O0O0ODOOODODODODODOOODOOOOOO
0000000000000 ooo0oo00oodEgODOOd==

0000 ordd00O0<«<x=000000000000000DOO0DO0O0OO0OO0OO

ooooooood

dood:00000000000 MyListOODO0O0Oooooooooooao
toMyList :: [a] -> MyList a

toMyList [] = MyNil
toMyList (x:xs) = MyCons x (toMyList xs)

goboobooboobobboboon

toMyList "abc" <= toMyList "abd" -- True
toMyList "ab" <= toMyList "abc" -- True
toMyList "ab" <= toMyList "a" -- False
toMyList "ab" <= toMyList "ba" -- True

46 UUOUOOODODDODOOODODOODOODLDODOOOO

O0D00O0OOHaskellDOOOODOOOOOODOOOOODOOOOOOD
ggooobobboobobobooooooooooobboboboobbobon
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EENIONEN NS R

[\

W

ooono
d0dd0ooDO0oooOOobOOooDbOOo0ooo0oOoooooooboOooooooOon
00o0doobooooooooooboooooooooooooooooon
000000000 OHaskellOO OOOO Integerd Char [Integer] O[O
OO0 showO O OO ODODOD0O0O0D0O0OOOOODOOOOOODOOOOOOOODOO
0o0Dbo00O00000obOoOOooOooooooooon

-- let impossible = [1,’a’,[1,4,7]]
-- in map show impossible

gogbboogobbooboobboooboooooobbobbobooobd
O0Haskel OO DO ODODOOODOODOOODOODDOOODOOOOOODOO
goboboboboobboooooboooboobobo

47 OU00OOO0OOOnd

gooooboobooobooooooobooboooboooooboo
oooboobooboooog

OO0 (ambiguity)y OO0 O0O0OO0ODOOOOOOOOOOOODO

class Show a where

show :: a -> String
class Read a where
read :: String -> a

gbooooooboobooobbobboobn

foo x = show (read x)

0000000 Ofoo :: (Show a, Read a) => String -> Stringd QOO0
000 a0000=00000000000000000DO00O000O0I0O0
0000000 boOobOoobooooOoooooo

foo x = show (read x :: Integer)

al0OgoooooboooooboboooboboobooobbboooooDmono
gogoboooboboobboobooboooooooon

00000 (monomorphism restriction) OO [N D000 0O0O0 DN OOOOO

00000000000 O0odooo0obOdDooDO00=00000ooon

00000000000 0bbOooobOo0ooooboooooa
0d0Oo0Oo0000ooooooon

genericLength :: Num a => [b] -> a
genericLength [] 0
genericLength (_:xs) = 1 + genericlLength xs
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N =

N =

N =

—_—

O 01O\ DN BN~

genericLengthO OO O OO OOOOO length :: [b] —> IntOdQOOddd
0d000d0oODOO00oooDo0oooooooooooan
0ooboOooooooboooooooooooon

let v = genericlLength [1,2,3,4]
in (v, v)

U0O00000000 ODictionary-Passing Style 0 00 OO0 000000000
Oo0o0oo0oOOoo0OoOoooo

\ dl1 d2 -> let v’ d = genericlLength’ d [1,2,3,4]
in (v’ di, v’ d2)

000 genericLengthd O DPSOO0D0OOOO0 2000000000000
oboooobbo 2000 booooooooobboobOoboboooD
gbooogobbo ppSOOO0ODOO

\ d -> let v = genericLength’ d [1,2,3,4]
in (v, v)

ooooboooo20b0vbboooooooooobobobooDo

gboboooboobooobodo boootbooobboobobouabobd
gobooboobooboobobobobooooobooboboobUobOo 4ooboo
gobooboooogoo

goono

f0 xs = map (+1) xs -- (+DHO \ x > x+1 O00O0O

goooaboogbbbodaoo

--0o0o0oooooood
f® xs = map +1 xs

gooboooboooboooooobooobooon

f0 :: (Num (t -> (a -> b) -> [a] -> [b]),
Num ((a -> b) -> [a] -> [b])) =>
t -> (a -=> b) -> [a] > [b]

goobooboobobboboboooooboobuooboboobbboog
gooogooo
- (-DOO00ooooooobobbobbooogoo

-- fl xs =map (\ x -> x-1) xs OO0 0O0O0OOOOOOO
fl xs = map (-1) xs

-- :r0o0goooooooooo
--f2n=n: [4,5,6] O0OOOO0OOO0OOO
f2 n = [n] : [4,5,6]

HaskellODOOOOOOODOOODOO . 00000D00O0OOO0OOOO
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11
12
13

NNk W~

— O 00O WDN PR WN—

—_——

-- 00 . 0O000ooooooboooboo
--f. g=\x->f (g x)

--f3r=r *sin 0.2000000000

f3r=r * sin .2

Q471 000 £1,£2, 300000000

4.8 Dictionary-Passing Style [1 []

0000 UOHaskelOODODOOODODDODOOOOOOoOoDOooooDobOomg
U0ob00o0o0obo0oobbO HaskellODODODODDODODOODODOODOOOO
ubogobobouoobbobbdabito

gboobooobobbobobobooooooooobooboooooobooon
goooobodooboobobobboooboobboboog

gbboboobobobooooboboobobbobobobbooobooooon

gbooooooooon

type Eq’ a =
eq’ :: Eq’ a -> (a -> a -> Bool)
eq’ =\ (e, 0) > e -- (==)00000

ne’ :: Eq’ a -> (a -> a -> Bool)

ne’ ; \ (_, n) ->n -- (/00000

U0 Eq’ alODOD0OODOOD0ODOODOODOO

0 method dictionary [

gobooo

gboobooooboobobooooobboooooooooooooboobooo

egDirectionDic :: Eq’ Direction

egDirectionDic = (egDirection, \ a b -> not (a ‘egDirection‘ b))

where North ‘egDirection‘ North =
South ‘eqgDirection‘ South
West ‘egDirection‘ West
East ‘egDirection‘ East

‘egDirection’ =

eqTreeDic :: Eq’ a -> Eq’ (Tree a)
eqTreeDic (eqA, _) = (eqTree, \ a b

where Empty ‘eqTree‘ Empty = True

IvV-9
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12
13
14

(o) NV, ISR OIS I

(O OSSR

Branch 11 nl r1 ‘eqTree‘ Branch 12 n2 r2
=11 ‘eqTree‘’ 12 && nl ‘eqA‘ n2 && rl ‘eqTree‘ r2
_ ‘eqTree’ _ = False

goobooooobobooog ... = ... 0D00oboboboooobb oo
ooobbobob0oobob0b000bU0O0O0E” a000gooboooooo
uoooooboobobooboooboooboooboooooo

member’ :: -> a -> [a] -> Bool

member’ d x [] = False

member’ d x (y:ys) =eq’ d x y || member’ d x ys
subset’ :: -> [a] -> [a] -> Bool

subset’ d xs ys = all (\ x -> member’ d x ys) xs

goobgoboobobbobooobobobooobooboboooboooo
ooooooboooog

member North [North, South, West]

+— member’ North [North, South, West]
subset [North, South] [North, South, West]

- subset’ [North, South] [North, South, West]

UO00OD0D0O 00000 Dictionary-Passing Style J 0 OO HaskelODO OO O OO
0000000000 D0ODOOO0DO000DO0oOoOo0ooOo0ooDOooooDoo
gopbDoOOooooooobobooboobOoOooobOoobOobobOoboOooooobo
000000000000000000%00000000000000000
goobooboooooooooooooboobooboooooboboo
ooooooobooo

O 0Oo0oao

0481 00000000 DODOOOQO lookup:

data Maybe a = Just a | Nothing

lookup :: Egq a => a -> [(a, b)] -> Maybe b
lookup x ((n,v):rest) = if n==x then Just v else lookup x rest
lookup x [] = Nothing

Uloockup 0 OO0 O0OO0ODOODODOODOMOIO Dictionary-Passing Style
00000 lookupD:

lookupD :: Eq’ a -> a -> [(a, b)] -> Maybe b

0000000 Olookup 1 [(1,2),(4,7)] 00 lookupD eqIntDic 1
[(1,2),(4,7)] O OO OOODOO lookup 1.1 [(1.4,0.1),(4.2,6.9)]
0 lookupD egDoubleDic 1.1 [(1.4,0.1),(4.2,6.9)] 00000000004
00 eqIntDic, eqDoubledicO0 000 OO0OOOOO O

‘00000000000000000000000000000DO00
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49 UU0000oO0OobbOOobobbbobobboOoon

ogoboboooooogobobobobbooboDb0 “oobbobobbo»ooobOd
goboo0bO0ooboOoooOobobobbOoboobooOobObooOOooOoboOooDOgo
00000O00DO0000000DbO0obO0d0oooDOooOoooooOoooOooo
gobooboouoboodboboooooobooboboboooooooo
go0o00O0oobooooooooObobOoobooooobooooooo

00000000000 0oo0oOooooooooobOOooDoooooog
ooooooooboo

Smalltalk 0D OO0 00 O000D0O0O0OOO0OOO0OOOOOI[SI0DO 6000
0o0oodood

JavaScript0 OO0 OO0 0O O prototype 10 0 OO OO OO
g00oddobOOobO0O0O000odoOmoobooboooooboOooboOoooon
Oo0og Self 00000000 JavaScript0 OO OO ODODODOOOODO [6]0
Oe6e000000DOODODODOOOO JavaScriptD OO DODOODOOOODOOO

Common Lisp0 000000 OOOOO CLOSOO U0 00000 multi-method [
0o00DOoOoOo000O0OO00DOO00DODOO00oODOo00oD200000000000
gooboboobooobboboooobboooboboobobbooooooDbo

JavaO O Ochar,int 0 double 0O OO0 OO0 OO OODOOOODOOODODOO
0000000000 b0d00doodbo0oooooooooOoooooooon
O00000o0oobobbob0obO0ob0b0o0o0ooobDOooboO0Ug OScalad C#
000000000 oooooooooooo

0491 000000 0OD0ODOOOOOO Smalltalk[S], CLOS, JavaScript[6], C++,
Java[7], Python, Ruby 00 U0 00O 0000000 O0OODOOODOCOOODODOO
goo

410 0OOO

O0000OHaskellDOO OOOOOOO0OO0OO0O0O0ODOOOOOODOODOOOO
gogbodoboobooooobobooobobbooooooobboboon
uboobgbboobooouobobobobboobobobobboobbod
gbobooooboobboooooobooobooboboon

411 00000 OOOOO0ODOOOOd

o0 [jcoboobobooobobooboooooooobooog rjoboo
U0 Haskel OO ODOODOOOOOO0OOOO0DODOO [3]00Haskel OO OODO
ooobooobb0ooboobOob0ob0O0 Haskel DO OODOODOOOODO
gboooobob d4oooobbobbobboobbboobboobbon
oboooooog
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